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INTRODUCTION 

High Ef f i c i ency  Wraparound Contact S o l a r  Cells (HEWACS) are advanced 
s i l i c o n  s o l a r  cells wi th  both e lectr ical  con tac t s  on t h e  back s i d e  of t h e  
cell.  Figure 1 shows a ske tch  of t h i s  device,  which u t i l i z e s  a screen- 
p r i n t e d  d i e l e c t r i c  i n s u l a t i o n  l a y e r  t o  i s o l a t e  t h e  "N" and "P" con tac t s  
from each o the r .  The NASA-Lewis Research Center is suppor t ing  t h e  develop- 
ment work of  t h i s  c e l l  under Contract  NAS3-21270 (and previous ly  on NAS3- 
20065). The s p e c i f i c  goa ls  of  t h i s  program are t o  develop a device 
e x h i b i t i n g  h igh  AM0 conversion e f f i c i e n c i e s ,  and t o  mature and formal ize  
the process ing  of such cells  t o  a p o i n t  where c e l l  f a b r i c a t i o n  can be 
c a r r i e d  out  by product ion personnel  under ope ra t ing  product ion l i n e  condi- 
t i o n s .  P i l o t  product ion w i l l  then  manufacture and d e l i v e r  1000 accep tab le  
c e l l s  (minimum c e l l  performance 1&%, minimum l o t  average 1 4 % ,  AM0 @ 25OC). 

BACKGROUND 

The flow c h a r t  i n  Figure 2 shows t h e  b a s e l i n e  process  sequence 
developed under NAS3-20065, and t h e  process  modi f ica t ions  made under t h e  
cu r ren t  program, NAS3-21270. The cel ls  produced under NAS3-21270 measure 
2 x 4 x 0.02 cm,  f e a t u r e  a pol i shed  o r  p l ana r  f r o n t  s u r f a c e  wi th  dua l  AR 
coa t ing ,  chromium-palladium-silver contac t  system and an  aluminum back 
s u r f a c e  f i e l d  i n  a d d i t i o n  t o  t h e  wraparound con tac t s  and silica-seal 
d i e l e c t r i c  i n s u l a t o r .  A back s u r f a c e  r e f l e c t o r  i s  no t  u t i l i z e d .  Material 
used i s  IrPrl type, boron doped, 7-14 ohm-cm, CZ s i l i c o n  wi th  (100) c r y s t a l  
o r i e n t a t i o n .  

Laboratory experiments designed t o  opt imize ce l l  performance and 
ce l l  process ing  have r e s u l t e d  i n  a device  wi th  h igh  electrical  performance. 
Some average performance d a t a  f o r  t h e s e  cells  are as fol lows:  Open-circuit  
vo l t age  620 mV, s h o r t - c i r c u i t  cu r ren t  340 mA, maximum power 159.8 mW, curve 
f i l l  f a c t o r  0.752, e f f i c i e n c y  (rJ 14.8% and l o t  y i e lded  approximately 65% 
(test d a t a  @ AMO, 25OC). 

I n  a d d i t i o n  t o  electrical  tests, many sc reen ing  tests have been per- 
formed on t h e s e  devices .  These inc lude  temperature  cyc l ing  (100 cyc le s ,  
-170OC t o  +75OC), t ape  p e e l  tests, so ldered  t a b  p u l l  tests and humidity 
t e s t i n g .  Although l i m i t e d  i n  n a t u r e ,  t hese  tests do provide some i d e a  as 
t o  t h e  r e l i a b i l i t y  of t h e  cells. The devices  t e s t e d  w e r e  w i t h i n  con t r ac t  
requirements f o r  a l l  of  t h e  tests performed. 
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For more information about labora tory  experiments,  electrical p e r f x -  
mance, and screening  tests, see "High Eff ic iency  Wraparound Contact S o l a r  
C e l l s  (HEWACS)", 14 th  IEEE Pho tovo l t a i c  S p e c i a l i s t s  Conference - 1980 
Proceedings.  

P r i o r  t o  t h e  i n i t i a t i o n  of p i l o t  product ion,  a number of i t e m s  had t o  
be completed. F i r s t  w a s  t h e  p repa ra t ion  of product ion-sui table  sof tware  
and q u a l i t y  c o n t r o l  elements.  The p i l o t  l i n e  f o r  t h i s  program is t o  be 
c a r r i e d  out  by product ion personnel  under ope ra t ing  product ion l i n e  condi- 
t i o n s ,  t h e r e f o r e  it i s  necessary  t o  implement a complete sof tware f i l e .  
This  means t h a t  an  MCD (Manufacturing Control  Document) had t o  be prepared,  
l i s t i n g  a l l  of t h e  process  s t e p s  and Q.C. I n spec t ion  s t a g e s .  Procedures 
had t o  be w r i t t e n  and approved f o r  each of t h e  process  s t e p s  and Engineering 
Line I n s t r u c t i o n s  (ELI 'S)  developed. 

I n  add i t ion ,  t h e  need f o r  a reconfigured back con tac t  system w a s  
i d e n t i f i e d .  An a l t e r n a t e  back con tac t  conf igura t ion  i s  requi red  f o r  t h e  
HEWACS c e l l  t o  make t h e  device  more s u i t a b l e  f o r  some panel  manufacturers '  
designs.  
connecting compared t o  s t anda rd  space cells, a back con tac t  conf igura t ion  
u t i l i z i n g  t h e  c e n t e r l i n e  of t h e  ce l l  f o r  bo th  N and P con tac t s  would 
s impl i fy  ce l l  in te rconnec t ing  even f u r t h e r  f o r  some pane l  manufacturers.  
A ske tch  of t h e  reconfigured contac t  t h a t  has  been designed i s  shown i n  
Figure 3. 

Although t h e  b a s e l i n e  wraparound des ign  does s impl i fy  ce l l  iater- 

RECONFIGURED BACK CONTACT 

Approach 

The approach used i n  t h e  development of  t h e  reconfigured back con tac t  
HEWACS cel l  w a s  as fol lows:  

F i r s t  t h e  des ign  and procurement of new t o o l i n g  w a s  necessary,  Th i s  
t o o l i n g  included screens  t o  be used i n  t h e  d i e l e c t r i c  pr int-on s t e p ,  masks 
f o r  t h e  con tac t  evapora t ion  s t e p ,  and a new electrical test f i x t u r e .  
Secondly, test l o t s  w e r e  made and eva lua ted  u n t i l  a s a t i s f a c t r o y  process  
w a s  achieved,  And f i n a l l y ,  t h e  p i l o t  product ion sof tware  w a s  r ev i sed  to 
r e f l e c t  t h e  a l t e r n a t e  back con tac t  cell.  It w a s  decided t o  amend t h e  pro- 
gram requirements f o r  t h e  c o n t r a c t  and make t h e  1000 d e l i v e r a b l e  devices  
inc lude  500 b a s e l i n e  type  ce l l s ,  and 500 a l t e r n a t e  back contac t  cells. A l l  
e lectr ical  performance requirements and acceptance test requirements would 
be t h e  same f o r  both c e l l  types .  

Problems/ Solu t  i ons  

Problems, no t  common t o  those  of t h e  b a s e l i n e  ce l l  des ign ,  w e r e  
encountered and reso lved  w i t h  t h e  reconfigured back con tac t .  
experiments,  t h e  same s i z e  (mesh) sc reens  were used t o  p r i n t  t h e  d i e l e c t r i c  
i n s u l a t i o n  onto t h e  ABC ( a l t e r n a t e  back con tac t )  cells  as were used on t h e  

I n  t h e  i n i t i a l  
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b a s e l i n e  cells. Th i s  caused what proved t o  be t h e  major stumbling block i n  
t h e  development o f  t h i s  cell  type .  By comparing t h e  ske tches  of t h e  two 
cel l  designs i n  F igures  1 and 3 ,  i t  is obvious t h a t  t h e  ABC ce l l  (Figure 3) 
has much more of  i t s  back s u r f a c e  area covered wi th  i n s u l a t i o n  material than  
does t h e  b a s e l i n e  device.  The a d d i t i o n a l  i n s u l a t i o n  caused unacceptable  
bowing of t h e  cel ls  when t h e  i n s u l a t i o n  l a y e r  w a s  f i r e d .  

Severa l  experiments w e r e  conducted employing d i f f e r e n t  combinations of  
sc reen  types  and mesh s i z e s .  Some cells w e r e  processed us ing  a s i n g l e  l a y e r  
of i n s u l a t i o n ,  i n s t e a d  of  t h e  s tandard  double-layer method used on t h e  base- 
l i n e  cel l .  (Double-layer i n s u l a t i o n  minimizes t h e  chances of p inholes  which 
could l ead  t o  shunt ing  of  t h e  cells .)  
l a y e r  i n s u l a t i o n ,  b u t  w i t h  f i n e r  mesh screens .  The combination which w a s  
found t o  be acceptab le  from a l l  a s p e c t s  w a s  t h e  use  of  a f i n e  mesh screen 
f o r  theinitial print-on s t e p ,  followed by a s tandard  mesh sc reen  f o r  t h e  
second pr int-on s t e p .  The s i n g l e  l a y e r  experiment f a i l e d  because of 
shunt ing due t o  p inholes .  The double-layer,  f i n e  mesh sc reen  experiment 
f a i l e d  because an  inadequate  amount of i n s u l a t i o n  w a s  being app l i ed  t o  t h e  
wraparound edge of t h e  c e l l ,  and t h e  edges of t h e  s i l i c o n  were pro t ruding  
from beneath t h e  i n s u l a t i o n  l a y e r ,  t h e r e f o r e  causing shunt ing and poor c e l l  
performance. 

Others w e r e  processed us ing  double- 

Resul t s  

The flow c h a r t  i n  F igure  4 shows t h e  process  sequence used i n  t h e  
manufacturing of t h e  b a s e l i n e  c e l l  type.  To t h e  r i g h t ,  oppos i t e  i t s  
re spec t ive  process  s t e p ,  are l i s t e d  t h e  changes r equ i r ed  t o  make a IIEWACS 
cel l  u t i l i z i n g  t h e  a l t e r n a t e  back contac t .  It is  apparent  t h a t  t h e  ABC c e l l  
types  can be made using t h e  same process  as t h e  b a s e l i n e  cel l ,  w i th  a mini- 
mum of changes. 

Electrical  Performance 

Since only a few process  changes had t o  be made t o  produce t h e  a l t e r n a t e  
back contac t  c e l l ,  it would s e e m  l o g i c a l  t h a t  t h e  e lec t r ica l  c h a r a c t e r i s t i c ;  
of t h e  device would a l s o  remain very similar t o  t h e  b a s e l i n e  ce l l  type.  This  
w a s  found t o  be t h e  case. Figure 5 shows a cell  performance comparison of 
t h e  b a s e l i n e  ce l l  and t h e  reconfigured con tac t  ce l l .  Note t h a t  both ce l l  
types  i n  t h i s  comparison have only a s ingle- layer  a n t i r e f l e c t i o n  coa t ing ,  
which exp la ins  t h e  low s h o r t - c i r c u i t  cu r ren t  (Isc) and I, va lues .  Also 

Therefore ,  they  have lower open-circui t  vo l t age  (Voc) and Vmp va lues  than  
t h e  b a s e l i n e  cell  type.  Otherwise,  t h e  two ce l l  types are very s i m i l a r  t o  
each o t h e r .  

no te  t h a t  t h e  reconfigured con tac t  cells were t e s t e d  a t  2 i OC i n s t e a d  of 25OC. 

ADDITIONAL EXPERIMENTS 

One of t h e  con t r ac t  requirements on t h e  HEWACS device is t h a t  t h e  ce l l  
u t i l i z e s  a back s u r f a c e  r e f l e c t o r  (BSR), However, during t h e  development 
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s tages  it w a s  determined t h a t  a BSR would be i m p r a c t i c a l  f o r  t h i s  c e l l .  F i r s t ,  
t h e  high temperature used t o  f i r e  t h e  d i e l e c t r i c  i n su la t ion  w a s  too c lose  t o  
the  aluminum-silicon e u t e c t i c  temperature (577OC) and it w a s  thought t h a t  t he  
BSR on these  c e l l s  would be rendered use less  by t h e  d i e l e c t r i c  f i r i n g  s t ep .  
Secondly, through experimentation it  w a s  shown t h a t  i n  order t o  maximize 
adherence of t h e  d i e l e c t r i c  i n su la t ion  t o  the  back of t h e  cell ,  t he  r e s idua l  
aluminum (post back sur face  f i e l d  (BSF) formation) should remain on t h e  
device. It i s  standard procedure t o  use bo i l ing  H C 1  t o  remove t h e  r e s idua l  
aluminum a f t e r  BSF formation, and evaporate an aluminum BSR d i r e c t l y  onto t h e  
aluminum-silicon regrowth l aye r s .  An advantage of leaving the r e s idua l  
aluminum on t h e  back of t h e  cel l  i s  t h a t  it acts as a back contact'. 

I n  order t o  fu r the r  i nves t iga t e  t h e  e f f e c t s  of residual'aluminum on the  
device, add i t iona l  experimentation w a s  ca r r i ed  out under Spectrolab R&D. 
Conventional contact 2 x 2 c m  cells  withscreen-printedback sur face  f i e l d s  
w e r e  fabr ica ted  with and without t h e  r e s idua l  aluminum l e f t  on t h e  c e l l .  
Absorptance da ta  are indica ted  below: 

C e l l  Type a 

Residual Aluminum + Heat Treatment .720 

Residual Aluminum ,761 

Evaporated BSR .785 

A s  can be seen, t h e  cell  group with t h e  res idua l  aluminum and t h e  heat 
t'reatment had a s i g n i f i c a n t l y  lower absorptance than the  o ther  cel l  types. 
Also of g rea t  i n t e r e s t  w a s  t h a t  t h i s  group had t h e  h ighes t  value of open 
c i r c u i t  voltage. 

PILOT PRODUCTION 

Start 

With t h e  completion of development of t h e  reconfigured back contact c e l l ,  
proofing of t h e  evaporation too l ing  and f i n a l i z a t i o n  of t h e  production so f t -  
w a r e ,  t h e  P i l o t  Line is  a t  present under way. 
grown, slabbed, and s l i c e d  i n t o  approximately 1150 wafers, 1.70" x 1.70" x 
0.14" th i ck .  
cells, thereby providing f o r  a maximum of 2300 c e l l s . )  
divided i n t o  1 2  l o t s  of 96 wafers each (one l o t  has  only 94 wafers). 
these  l o t s  w i l l  be used t o  make t h e  base l ine  cells, and t h e  o the r  s i x  l o t s  
fo r  t h e  a l t e r n a t e  back contact type cell.  A l l  twelve l o t s  went through t h e  
30% NaOH e tch ,  3-1-2 pol i sh ing  etch and phosphine d i f fus ion .  A t  t h i s  point 
a t r i a l  run was  i n i t i a t e d  before t h e  a c t u a l  p i l o t  l i n e .  Two l o t s  (one f o r  
each c e l l  type) w e r e  run through t h e  manufacturing process by production l i n e  
personnel. This w a s  done i n  an e f f o r t  t o  determine what problems, i f  any, 
would be encountered by switching the  process from t h e  laboratory t o  t h e  
production l i n e .  

The material t o  be used has been 

(During processing, each wafer w i l l  be diced i n t o  two 2 x 4 cm 

S ix  of 
These wafers w e r e  
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These two l o t s  d id  run  i n t o  some d i f f i c u l t y .  Besides a few s m a l l  problems 
which only r equ i r ed  some minor adjustments  t o  remedy, one l a r g e  problem w a s  
u l t ima te ly  r e spons ib l e  f o r  t h e  l o s s  of bo th  l o t s .  Shor t ly  before  t h e  start of 
t h e  p i l o t  product ion,  OSHA banned t h e  use of one of t h e  s o l v e n t s  widely used 
at Spec t ro lab  t o  c l ean  cells. A s u b s t i t u t e  so lven t  w a s  incorpora ted  i n t o  t h e  
product ion process  a f t e r  it w a s  found s u i t a b l e  f o r  c leaning  convent ional  cel ls .  
This  new so lvent  simply rep laced  t h e  o l d  one i n  t h e  a l r eady  e s t a b l i s h e d  clean- 
i n g  sequence. 
s a t i s f a c t o r i l y  on s t anda rd  space cells, i t  f a i l e d  on t h e  HEWACS devices .  The 
c leaning  procedure and so lven t  used w a s  no+, designed f o r  cells t h a t  had a 
d i e l e c t r i c  i n s u l a t i o n  l a y e r  screen p r i n t e d  onto t h e  cel l .  The s u r f a c e s  onto 
which t h e  i n s u l a t i o n  l a y e r  w a s  p r i n t e d  w e r e  no t  adequately prepared t o  a l low 
f o r  good adhesion between s u b s t r a t e  and i n s u l a t i o n .  
p e e l  tests w e r e  rEn on t h e s e  cells they  exh ib i t ed  excessive pee l ing  of t h e  
d i e l e c t r i c  i n s u l a t i o n  from t h e  s u b s t r a t e .  

Although t h i s  c l ean ing  procedure wi th  t h e  new so lven t  worked 

Therefore ,  when t ape  

New Cleaning Procedure 

Experiments w e r e  then  conducted i n  an at tempt  t o  develop a new so lven t  
and/or  c leaning  procedure.  
t r i e d .  It w a s  found t h a t  t h e  most s u c c e s s f u l  combination t r i e d  involved t h e  
use of t h e  s a m e  so lven t  Product ion w a s  us ing ,  but  t h e  c leaning  procedure had 
t o  be changed. The sof tware  w a s  t hen  changed and t h e  formal p i l o t  l i n e  
s t a r t e d .  

Many combinations of so lven t s  and procedures w e r e  

Current  S t a t u s  

The p i l o t  product ion is c u r r e n t l y  i n  progress .  The t e n  l o t s  of cells  
have been processed through t h e  screen-printed aluminum back s u r f a c e  f i e l d  
(BSF) s t e p  and are now i n  t h e  c e l l  d i c e  s t e p .  A l l  t e n  l o t s  should be com- 
p l e t e d  by t h e  end of October. 

\/RAPAROUND EDGE 
“I\I“ CONTACT 

FIGURE 1 

SKETCH SHOWING BACK CONTACT CONFIGURATION 
OF BASELINE HEWACS CELL 
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BASELINE PROCESS SEQUENCE PROCESS CHANGES 
D e v e l o p e d  under NAS3-20065 under NAS3-21270 

METALLIZATION 
EVAPORATE FRONT GRID 

PATTERN, WRAPAROUND AND 
BACK CONTACT PADS 

Planar Front Surface 
30% NaOH ETCH 

2 %  NaOH TEXTURING ETCH 

< C h a n g e  C e l l - t o - S o u r c e  
Angle 

JUNCTION FORMATION 
PHOSPHINE DIFFUSE 

AR COATING 
EVAPORATE T a 2 0 5  

BACK SURFACE FIELD L o w e r  F i r i n g  
PRINT & F I R E  A 1  PASTE T e m p e r a t u r e  

< D u a l  AR C o a t i n g  

SHAPE WAFER 
SECTION WAFER 

< C h a n g e  Mesh O r i e n t a t i o n  
PRINT, F I R E ,  PRINT AND F I R E  

DIELECTRIC PASTE < L o w e r  F i r i n g  T e m p e r a t u r e  

Figure 2. FLOW CHART SHOWING BACK CONTACT CONFIGURATION 
OF BASELINE HEWACS CELL 
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WRAPAROUND EDGE 
"M" CONTACT 

FIGURE 3 

SKETCH SHOWING BACK CONTACT CONFIGURATION 
OF ALTERNATE BACK CONTACT HEWACS CELL 

QEWACS 
_BASELINE PROCESS 

SEQUENCE 

33% NaOH e t c h  
3-1-2 po l i sh ing  e tch  BASELINE PROCESS 

CHANGES REQUIRED 
FOR ALTERNATE BACK 

CONTACT HEWACS CELLS 

Wraparound Dielectric Insulation Change screen pattern 
and mesh s i z e .  

Dielectric Paste 

Change back 
contact mask 

Change t e s t i n g  
f ix ture .  J Test  I 

FIGURE 4 

FLOW CHART AT LEFT SHOWS BASELINE PROCESS SEQUENCE 
USED TO MAKE THE HEWACS BASELINE CELL. PROCESS 
CHANGES REQUIRED TO MAKE THESE CELLS WITH THE 
RECONFIGURED BACK CONTACT ARE: LISTED TO THE RIGHT, 
OPPOSITE EACH RESPECTIVE PROCESS STEP. 
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V I EFF CFF Yie ld  voc Isc mp mp 'max 
% - mV mA mV mA mW % 

BASELINE HEWACS CELL @ 25OC 623 326 514 302 155.2 14.3 0.764 71 
( A v e r a g e  based on 4 ce l l  l o t s )  

RECONFIGUFD CONTACT HEWACS 612 324 504 302 152.3 14.0 0.767 70 
CELL e 28 C 
( A s e r a g e  based on 2 cell  lots] 

* B o t h  c e l l  types  have single-layer AR C o a t i n g  

F i g u r e  5 

CELL PERFORMANCE COMPARISON BETWEEN BASELINE CELL AND ALTERNATE BACK CONTACT CELL 
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